This paper proposed a preprocessing method of SWCNTs dispersion based on rinsing technology. With the assistance of SDS, SC and SDBS, this method adopted the ultrasonication oscillation technology to solve the problem of SWCNTs dispersion. In addition, it compared the effect of the three kinds of surfactants on SWCNTs dispersion under the same conditions. And AFM was applied in this experiment to scan and image the samples. The results showed that the solubility and adsorption efficiency of the surfactants had influence on the SWCNTs dispersion quality. Furthermore, the paper primarily and theoretically modeled and analyzed the experiment results from the aspect of the surfactants' hydrophilic and lipophilic structure.
Introduction
As one-dimensional nano-materials, due to the attraction of Van der Waals force, single-walled carbon nanotubes (SWCNTs) tend to twine with one another so as to gather easily and decrease the total surface energy of the system [1] . The dispersed SWCNTs can be obtained through ultra treatment with the assistance of surfactants, which have good adsorption and chemical reaction activity [2] . The SWCNTs surface activity can be adjusted by decreasing the SWCNTs surface tension [3] . The amount of saturated adsorption of the anionic surfactant are affected on playing a decisive role on its hydrophilic cross-sectional area [4] . The smaller cross-sectional area is greater absorption capacity, while the cross-sectional area is lipophilic group chain length with the increase in smaller.
Sodium dodecyl sulfate (SDS) and sodium dodecylbenzene sulfonate (SDBS) are short-chain anionic surfactants, while sodium cholate (SC) is that with long chains, all of which can be adopted in SWCNTs dispersion. However, the existence of these agents may affect the quality of the observation image [5] . In view of the influence of the three kinds of surfactants on the SWCNTs imaging quality [6] , this paper proposed a post-processing method based on rinsing technology to solve the problem of observation samples of dispersing SWCNTs assisted by surfactants. It also compared the effect of the three kinds of surfactants on SWCNTs dispersion under the same conditions [7] .
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Backgroud Theory
The surfactants have a unique parent structure with hydrophilic groups and lipophilic groups. The structure is shown in Fig. 1 . Fig.1 . The structure of anionic surfactants Fig.2 . The structure of SWCNTs anionic surfactants wrapping The hydrophilic groups as anionic, easily dissolved in water, while the lipophilic groups of surfactants can be adsorbed on SWCNTs on the surface, forming colloids covering SWCNTs, and due to ionization or adsorption, the surface of colloids have charges. Because of electrostatic repelling force, colloids can gather together, which makes nano particles in stable situation [8] . Moreover, the long tail ends of surface active agents form space steric hindrance on the surface of nano-particles, preventing SWCNTs from re-gathering. Due to adsorption, the surface active agents cover nano materials, forming a space barrier, keeping nano-materials from colliding and combining with one another, which makes SWCNTs disperse in solution stably. The structure of SWCNTs anionic surfactants wrapping is shown in Fig. 2 .
The surfactant adsorption efficiency is the impact of the lipophilic groups. The stronger lipophilic is, the higher the adsorption efficiency is. The surfactants in the various solution have shown a different activity, which can be expressed by hydrophile-lipophile balance (HLB). Definition of the formula HLB is:
HLB =7+∑(the number of hydrophilic groups)-∑(the number of hydrophilic groups) (1) HLB value is greater, the hydrophilic of the surfactants is stronger. The hydrophilic of the surfactants increase with the improvement of HLB value. The HLB value of SDS is 40, SDBS is 11.7, SC is 18.
Experimental Details
The paper primarily modeled and analyzed the influence of surfactants on SWCNTs dispersion (as is shown in Fig. 1& 2) . The experiments of SWCNTs dispersion in the surfactants were made. The experiment flow is shown in Fig. 3 .
First, three types of SDS, SDBS and SC solution of 10ml were respectively prepared, whose concentration was 1%. They were put into test tubes to be sonicated for ten minutes, then 2µl reagent was dropped on a mica sheet with pipette, laid uniformly on the sheet with capillary quickly, weathered with N2 immediately and scanned with AFM. The accurately matched SWCNTs solution (The quality percentages of the matched SWCNTs solution and surfactants solution were respectively 0.1% and 1%.) was put in a test tube, sealed with plastic film, sonicated for 3h with frequency of 59kHz in the ultrasonication oscillator, rested for 1h, sonicated again for 2h, rested for over 3h and disposed by precicpitating. During ultrasonication, the location and the inclination angle of the test tube in the ultrasonication oscillator were regulated in the process of sonication so that SWCNTs solution in the test tube was "boiling" to mix completely uniformly. At the same time, the test tube was heated to 50℃ to facilitate the dispersion. 2µl reagent was respectively dropped on a mica sheet with pipette, and scanned with AFM. The three figures were to be compared by observing at last. Fig. 4(a) , (b) and (c), we can see that SDS is more soluble because of its highest hydrophilicity. SDBS molecules form colloid so that the contact of water and air decreases and the surface tension of the solution reduces. SC colloid groups in Fig.4 (c) are much fewer than those in Fig.4 (b) , while the surface tension of the solution is bigger. The surface energy of SWCNTs reduces with it. Next, the SWCNTs solution dispersed by SDS was dropped on a mica sheet with a pipette, laid uniformly on the sheet with capillary quickly, rested for 1min and weathered with N2. The mica sheet was inclined 30 degree downwards. The sample was rinsed with 0.5ml di-ionized water at the rate of 0.1ml/s and then blown for about 1s with nitrogen impulse airflow of certain pressure (about 0.15MPa in this experiment). Sample A was obtained. In the same way, samples B and C dispersed by SDBS and SC were obtained. The treatment process is shown in Fig. 5 . 
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The Experiment Results and Analysis
The above treated SWCNTs sample solution was characterized with AFM and compared with the untreated Fig. 6(a) . Fig. 6 is the AFM characterization observation figure within a scope of 10 microns. From fig. 6(a) , it can be seen that SWCNTs which was dispersed only by ultrasonication oscillation and not added into the surfactants gather seriously. Fig. 6(b) is the SWCNTs sample solution dispersed by SDS. Because of the high hydrophilic property and low lipophilicity of SDS, few SWCNTs are wrapped by SDS after being rinsed, which makes the SWCNTs exist singly, but some SWCNTs may be removed as well. It can be seen from the AFM characterization value that the height of single SWCNTs is less than 2nm. Fig. 6(c) is the SWCNTs sample solution dispersed by SDBS. The low hydrophile-lipophile balance (HLB) value, poor hydrophilic property and the comparatively long chain of lipophilic groups make the SWCNTs wrapped tightly. As a result, more SWCNTs are obtained after rinsing in the same way. But the AFM height characterization value shows that the diameter at different places of a single SWCNT is different, which shows that some SDBS molecules are still adsorbed on SWCNTs. Compared with Fig. 6 (b) and (c), the adsorption quantity and the impurities all decreases in Figure 6(d) , which is mainly due to the overlong chain of SC's lipophilic groups, and the comparatively low hydrophilic property. A large number of surfactant molecules were rinsed out by rinsing methods, leaving a number of single SWCNTs.
Conclusions
The results of the research show that the preprocessing method for scanning samples based on rinsing technology can solve the imaging quality problem of dispersing SWCNTs samples with the assistance of SDS, SDBS and SC surfactants and has practical significance on the precise characterization observation of SWCNTs' diameter and length. It is also shown that the solubility and adsorption efficiency of the surfactants have influence on the SWCNTs dispersion quality. Under the same conditions of the ultra treatment duration and the way of rinsing, the AFM scanning and imaging quality of SWCNT material may be affected by the hydrophilic and lipophilic structure of the surfactants.
